Sepsis is a common cause of morbidity and mortality in intensive care units. Unfortunately, there is no gold standard for diagnosing sepsis as clinical and laboratory signs are neither sensitive enough nor specific enough, and microbiological studies often remain negative. Thus, there is a need for clinical or laboratory tools to distinguish between sepsis and non-infectious inflammatory disorders. Among the potentially useful markers of sepsis, procalcitonin has been suggested to be the most promising, although results are variable depending on the severity of illness and degree of infection in the patient population studied. The triggering receptor expressed on myeloid cells-1 (TREM-1) is a member of the immunoglobulin superfamily, of which expression is upregulated on phagocytic cells in the presence of bacteria or fungi. Here we report on the potential usefulness of assessing the soluble form of TREM-1 (sTREM-1) in biological fluids for the diagnosis of microbial infection.
INTRODUCTION
Sepsis is a common cause of morbidity and mortality in intensive care units (ICUs). 1 Clinical and laboratory signs of systemic inflammation including changes in body temperature, tachycardia, and leukocytosis are neither sensitive enough nor specific enough for the diagnosis of sepsis and can often be misleading. Trauma, burns, pancreatitis, major surgery, and many other conditions may elicit clinical signs of systemic inflammatory response syndrome (SIRS) in the absence of microbial infection. [2] [3] [4] Unfortunately, there is no gold standard for diagnosing sepsis, as cultures may be negative especially in cases of antibiotic pre-treatment or inadequate sampling. Indeed, more than 30% of infected patients remain without clear documentation of microbial infection. Moreover, results of microbiological studies are not immediately available. Clinicians often feel uncomfortable about the diagnosis and may administer unneeded antibiotics while awaiting laboratory results. The empirical use of broad-spectrum antibiotics in patients without infection is potentially harmful, facilitating colonization and superinfection with multidrug resistant bacteria. 5 There is a need for clinical or laboratory tools capable of making the distinction between SIRS and sepsis. Among the potentially useful markers of sepsis, procalcitonin has been suggested to be the most promising. [6] [7] [8] However, several investigators have questioned the diagnostic and prognostic accuracy of routine procalcitonin measurements, reporting inconsistent and variable results depending on the severity of illness and degree of infection in the patient population studied. [9] [10] [11] The triggering receptor expressed on myeloid cells-1 (TREM-1) is a recently discovered member of the immunoglobulin superfamily. 12 Like other similar cell-surface receptors, TREM-1 has a short intracellular domain and, when bound to its as yet unidentified ligand, associates with a signal-transduction molecule, DAP12, triggering the secretion of inflammatory cytokines that amplify the host response to microbial agents. 12, 13 Studies have shown that the expression of TREM-1 is greatly upregulated in the presence of bacteria, such as Pseudomonas aeruginosa and Staphylococcus aureus, or fungi such as Aspergillus fumigatus, in cell culture, peritoneal lavage fluid, and tissue samples from patients infected with these microorganisms. 12, 13 Conversely, TREM-1 is not upregulated in samples from patients with non-infectious inflammatory conditions like psoriasis, ulcerative colitis, or immune-complex mediated vasculitis, defining the specific involvement of this receptor only in cases of infection. 13 Together with an upregulation of expression of the membrane-bound TREM-1, a soluble form (sTREM-1) may be released during infection.
PLASMA LEVELS OF sTREM-1 FOR THE DIAGNOSIS OF HUMAN SEPSIS
The diagnostic value of the plasma sTREM-1 assay in distinguishing sepsis from severe systemic non-infectious inflammation among newly admitted critically ill patients with suspected infection was prospectively investigated. 14 Consecutive patients newly hospitalized in a teaching hospital ICU in France between July 2003 and September 2003 were prospectively enrolled in the study if they had a clinically suspected infection and fulfilled at least two criteria of SIRS. 15 Clinically suspected infection was defined as an explicit statement by the attending physician indicating the suspicion of an ongoing infection combined with the initiation of a diagnostic evaluation to identify or rule out infection and the subsequent prescription of antimicrobial therapy. Upon admission into the ICU, the following items were recorded for each enrolled patient: age, sex, severity of underlying medical condition stratified according to the criteria of McCabe and Jackson, 16 simplified acute physiology score II (SAPS II), 17 18 reason for admission to the ICU, principal diagnosis, vital signs, respiratory parameters, routine blood tests, and microbiologic culture results. Within 12 hours of admission and enrollment in the study, plasma procalcitonin concentrations were measured and plasma sTREM-1 levels assessed as previously described. 14 Survival or death in the ICU was assessed during a follow-up period as long as 28 days. The attending physician was allowed to prescribe microbiologic tests and antimicrobial therapy according to the usual practice of the ICU without interference by the research team. Two intensivists retrospectively reviewed all medical records pertaining to each patient and independently classified the diagnosis as SIRS, sepsis, severe sepsis, or septic shock at the time of admission, according to established consensus definitions. 15 Both intensivists were blinded to the results of plasma sTREM-1 values.
The baseline characteristics of the overall study group are shown in table 1. The mean (± standard deviation [SD]) SAPS II and SOFA scores were 50.5 (± 22.6) and 8.3 (± 4.5), respectively. The ICU mortality rate of 26.3% was in agreement with the predictive risk of death based on the SAPSII score. Diagnosis was established as SIRS in 29 patients (38%), sepsis or severe sepsis (grouped as 'sepsis') in 22 patients (29%), and septic shock in 25 patients (33%). Causative conditions of SIRS were as follows: cardiac surgery (n=6), cardiogenic shock (n=5), acute exacerbation of chronic obstructive pulmonary disease (n=5), acute pancreatitis (n=3), heat stroke (n=3), gastrointestinal hemorrhage (n=2), trauma (n=1), and unknown (n=4). Clinical characteristics did not differ significantly at inclusion between septic and non-septic patients (table 1) . Infections were demonstrated to be of microbiological origin in 40 out of 49 infected patients with 55% being Gram-negative and 42% Gram-positive bacterial infections, and 3% fungal infections. The major sources of infection were in the respiratory tract (55%) and abdomen (22%). Twenty-four percent of infected patients had a documented bloodstream infection. Baseline plasma levels of C-reactive protein, procalcitonin, and sTREM-1 were higher among septic patients than among subjects with SIRS only (table 1, figure 1 ). Plasma sTREM-1 levels appeared to be most helpful in differentiating patients with sepsis from those with SIRS. Mean plasma sTREM-1 levels at admission were 22 ng/ml in SIRS, 183 ng/ml in sepsis, and 141 ng/ml in septic shock. As shown in figure 2, plasma sTREM-1 levels yielded the highest discriminative value with the area under the receiver-operating-characteristic (ROC) curve (AUC) being 0.97 followed by procalcitonin (AUC=0.85) and C-reactive protein (AUC=0.77). At a cut-off of 60 ng/ml, sTREM-1 yielded a sensitivity of 96% and a specificity of 89% in differentiating patients with SIRS from those with sepsis or septic shock.
BRONCHOALVEOLAR sTREM-1 IN THE DIAGNOSIS OF PNEUMONIA
The diagnostic value of sTREM-1 in the context of a more localized infectious process, pneumonia, has also been investigated. 19 Patients, 18 years or older, hospitalized in an ICU were prospectively enrolled if they met the following criteria: 1) need for mechanical ventilation and 2) clinical suspicion of bacterial pneumonia. Bacterial pneumonia was suspected if a newly developed and persistent infiltrate on chest radiography was associated with at least one of the following: purulent tracheal secretions, body temperature of at least 38.3˚C, and leukocytosis (>10 g/l) or leukopenia (<4 g/l). 20 Ventilator-associated pneumonia was defined by acquisition of the disease after 48 hours of mechanical ventilation. Mini-bronchoalveolar lavage (BAL) and microbiological specimen processing were performed. 21, 22 The concentration of bacteria considered significant for the potential diagnosis of pneumonia was greater than 10 3 colony forming units (CFU)/ml of BAL fluid. 21 Post hoc diagnosis of pneumonia was made from a combination of the clinical criteria and the microbiological evidence of bacterial infection. These criteria were similar to those used for ventilator-associated pneumonia described by Pugin and colleagues. 20 Pneumonia was considered to be absent when an alternative cause for pulmonary infiltrate was established and there was non-significant bacterial growth in the culture of BAL in association with a full recovery without antimicrobial therapy. Tumor necrosis factor (TNF)-α, interleukin (IL)-1β and sTREM-1 concentrations were measured in BAL fluid.
Diagnosis was established as community-acquired pneumonia in 26% of enrolled patients, ventilator-associated pneumonia in 31%, and no pneumonia in 43%. Body temperature, leukocyte count, ratio of the partial pressure of arterial oxygen to the fraction of inspired oxygen (PaO 2 /FiO 2 ), serum C-reactive protein and procalcitonin levels did not differ between the three groups (table 2) . Bacterial species grew at a significant concentration from BAL (>10 3 CFU/ml) of all but two community-acquired pneumonia patients infected with Legionella pneumophila and all ventilator-associated pneumonia patients. The levels of sTREM-1 were higher in BAL fluid from community-acquired and ventilator-associated pneumonia patients than from patients who did not have pneumonia, but did not differ significantly between community-acquired and ventilator-associated pneumonia patients ( figure 3 ). TNF-α and IL-1β levels showed the same trend, but with a large overlap of values (figure 4). Soluble TREM-1 levels at or above 5 pg/ml were detected in BAL fluid from approximately 95% of community-acquired pneumonia patients, 100% of ventilator-associated pneumonia patients, and in approximately 10% of patients without pneumonia. Thus, among the enrolled patient population, the presence of sTREM-1 in BAL fluid is associated with a likelihood ratio of 10.38. The capacity of sTREM-1 to differentiate pneumonia from lack of pneumonia was assessed with a ROC curve analysis ( figure 5 ). The area under the curve, when sTREM-1 was used to differentiate pneumonia from lack of pneumonia, was 0.93. A cut-off value of 5 pg/ml for sTREM-1 had a sensitivity of 98% and a specificity of 90%.
sTREM-1: THE BIOLOGICAL MARKER OF INFECTION?
The differentiation between infection, a microbiological insult, and sepsis, the host reaction to that microbial aggression, remains difficult. Infection can be present without sepsis, particularly in the debilitated and elderly, for example when blood cultures are positive without an accompanying sepsis syndrome. Alternatively, a sepsis-like response may be present without obvious infection, as in cases of trauma and major surgery. Although some patients will have clear evidence of infection, making diagnosis straightforward, microbiological data in many patients are equivocal or missing, and other diagnostic tools must be used. Elevated levels of many inflammatory mediators and Table 3 . Performance of some biological markers of sepsis. 10, 24, 25 acute phase reactants have been described in sepsis, however none are specific enough for infection, as all can be increased in other inflammatory conditions without obvious infection (table 3) .
The important point to consider in the use of clinical signs and biological markers to identify infection is that none should be used in isolation; a panel of indicators is of greater predictive value. For example, the evaluation of a combination of elevated cytokine levels has been shown to be more accurate than any single elevated cytokine level in determining patient survival. 23 However, many tests, especially for cytokines, are very expensive, which may preclude their routine use. An ideal biological marker of sepsis would fulfill rigorous criteria: it must be specific and sensitive; it must be able to be rapidly performed; and it must be of low cost. The sTREM-1 assay seems, therefore, to be a good candidate. Its accuracy has been demonstrated both in pneumonia (98% sensitivity, 90% specificity) and in human sepsis (96% sensitivity, 89% specificity). Moreover, the specific involvement of TREM-1 during infection and not during non-infectious inflammatory disorders has been clearly evidenced by experimental studies. 12, 13 The technique used for its determination is rapid, inexpensive, and can be performed for small batches of specimens or individual samples. Therefore, sTREM-1 may constitute a reliable marker of infection particularly in plasma during sepsis 14 and BAL fluid in cases of pneumonia. 19 It remains to be determined whether sTREM-1 could be useful in other infectious conditions, such as infected ascites or meningitis. Obviously, the sTREM-1 assay does not determine the causative organism and thus does not preclude the clinician from performing microbiological studies. The real clinical value of the sTREM-1 assay is in allowing the clinician to withhold empiric antibiotics until culture results are available for cases where sTREM-1 levels are low, thus eliminating unnecessary antibiotic exposure to the patient. Finally, the usefulness of measuring sTREM-1 in clinical practice, especially for its potential impact on improvement of prognosis, has to be prospectively determined in dedicated studies.
CONCLUSION
The sTREM-1 assay appears to be a reliable marker of infection particularly during sepsis and pneumonia, though it remains to be determined whether sTREM-1 could be a useful marker of other infectious conditions. The real clinical value of the sTREM-1 assay comes when sTREM-1 levels are low, allowing the clinician to withhold empiric antibiotics until culture results are available, and thus eliminating unnecessary antibiotic exposure to the patient. Additional prospective studies will be necessary to determine the usefulness of measuring sTREM-1 in routine clinical practice.
